Abstract: This study sheds light on the real and nominal economic convergence and the time-varying convergence speed of Brazil, Russia, India, China, and South Africa (BRICS)
INTRODUCTION
The concept of "BRICS" (Brazil, Russia, India, China, and South Africa) is originated in 2001 and initially represented typical emerging market economies in the world (O'Neill, 2001 ). However, the "BRICS" countries have grown in economic importance since then and have become hardly disputed leaders in the league of emerging market economies. With five countries' development, the economic development and financial market have an important role in the BRICS countries. Indeed, they have been playing an increasingly important and dominant role in promoting international economic and financial cooperation. The total population of the BRICS countries accounted for 43% of the world and the land area of the BRICS countries accounted for 30% of the world (O' Brien and Williams, 2011; O'Neill, 2001). In 2011, the BRICS countries generate 21 percent of global gross domestic product (World Bank, 2011a) . By the end of 2015, GDP growth of the BRICS countries is estimated to contribute 60 percent toward the world's GDP growth. After financial crisis, the BRICS countries have paid more attention on establishment a range of standardized communication and coordination mechanisms to further expand their economic cooperation. By the end of July 2015, the BRICS New Development Bank agreement was signed and the BRICS contingency agreement became fully operational. This kind of economic cooperation's mechanism in BRICS countries may exist a probability to be an integration. Concerned the BRICS countries' integration have emerged with a particular emphasis on the catalysis and inhibitors to the economic and financial integration. The spatial distance constitutes a well-defined physical barrier to economic and financial integration of the BRICS countries. Additionally, countries vary considerably in language and culture, history, religion, political system, and economic system, etc. Fast economic and financial convergence could speed up the integration process, bridge the gaps of different countries' economic development situation and form the similar economic interests.
BRICS economies have not formed a unified organization, such as Euro Area, but the characteristics of economic convergence among BRICS countries and the process of economic integration may be unique. With the simultaneous consensus of cooperation and objective obstacles between the BRICS economies, the BRICS countries' integration prospects ultimately depend upon the strength of the economic and financial convergence. Thus, this study aims to shed light on analysis the nominal and real convergence of the BRICS economies from January 2003 to June 2016. The main research objectives of this study are to empirically analyze the extent to which of the BRICS countries are economically and financially integrated. This study makes four contributions to the literature. First, to the best of our knowledge, this study is firstly choosing BRICS countries to study the nominal and real economic convergence. Second, via empirically analysis the BRICS economies integration, this study provides a reference to explore the development model of new economy organizations. Third, this study firstly combines cross-sectional and time series data to measure the strength of economic convergence. An advantage of our methodological framework is that we relax the widely held, albeit restrictive and unrealistic assumption of constant convergence. The IPS panel unit root test method verifies the convergence hypothesis of economic growth, which not only allows the convergence rate to be heterogeneous in cross section, but also allows heterogeneity in the growth path. Fourth, this study makes contribution to understand the sources of the convergence in the economic growth rate. This study has following research implications. First of all, this study offers an innovative geographical scope of convergence test. Second, this study makes a methodological framework to investigate the dynamic behavior and trend of random convergence of the BRICS economies. Third, this study lays foundation to understand the economic growth of emerging countries. Based on this condition, this paper also employs panel data models, a Kernel density estimator and a Malmquist index to analyze the mechanism of real economic convergence. The study finds evidence of real convergence in monthly growth output (industrial production) of the BRICS economies, where the speed of convergence increases in the post-crisis period. Economic convergence is also witnessed by physical capital per capita and total factor productivity (TFP). This result lays a solid foundation to future researchers analyse the convergence of emerging economies. Thus, this study in this domain is undoubtedly necessary.
This study is structured as follows. Section 2 is the theoretical framework and relative literature of convergence. In section 3, we outline the methodology. In section 4, we test the hypothesis of nominal and real convergence using the BRICS economies' data. Section 5 analyzes the convergence mechanism of the BRICS countries' real economy. Finally, Section 6 offers some concluding remarks.
LITERATURE REVIEW
The theoretical framework of our study builds upon the theory of convergence of output growth, pioneered by Solow (1956) , Romer (1986) and Lucas (1988) . Much empirical work on neoclassical growth model uses crosssectional or time series methodology to test for the convergence hypothesis. Barro and Sala-i-Martin (1992) concentrate on β ("beta") convergence, according to which poor countries grow faster than rich ones. By contrast, Friedman (1992), and Quah (1993) concentrate on σ ("sigma") convergence, according to which the dispersion of levels of income across economies is diminishing. Our analysis concentrates on stochastic convergence proposed by Bernard and Durlauf (1995 Carrington, 2006) .
Reviewing the existing literature, it could find some gaps in the existing research. First, existing literature mainly centers on the concept of economic union with a particular emphasis on the economies that share a similar level of development, such as the European Union, the OECD countries, the East Asian economies. However, the hypothesis of convergence has not been formally estimated and tested on the BRICS economies. Moreover, there is no literature to measure the strength of economic convergence. Arguably, an organic unity is not warranted in the geographically, historically, religiously, politically and economically distant BRICS countries. Indeed, the absence of natural affinities across a broad range of aspects is suggestive of a unique pattern that prevails in the economic convergence and integration of the BRICS countries. Third, the existing literature does not shed light on the sources of the convergence in the economic growth rate. This study addresses the above-mentioned void by considering simultaneously the nominal and real convergence of BRICS countries.
THE METHODOLOGY
To investigate the mechanism of convergence, this study combines the IPS panel unit root test along with the rolling window ADF test to examine the timevarying rate of nominal and real convergence within the BRICS economies.
Unit root tests applied to time series data feature a notoriously low power. To overcome this problem when testing for stochastic convergence, the literature suggests using panel unit root tests instead that benefit from a higher power. One key assumption underlying the LLC test is that countries share a common rate of convergence toward long run equilibrium. By contrast, Kutan and Yigit (2004) allow for disparities in the transition countries' paths to their steady states. By using the IPS test, they identify a lower degree of monetary convergence.1 This study allows all countries in the group to have different average speeds of adjustment to steady state equilibrium for all variables. The IPS test not only allows for heterogeneity in the convergence rate within countries, but also for variations in the growth path. Consequently, the rate of convergence is allowed to vary over time. 2 Arguably, same macroeconomic variables in different countries may be correlated due to the existence of a common trend (De La Fuente, 2000) . Following Kutan and Yigit (2004) , we demean the data to eliminate common time components, which may cause the correlation between the error terms of longitudinal section, to obtain an independent panel data.
(1) Equation (1) is the panel unit-root test equation, where is the country's income disparity in period relative to the cross sectional mean. When , the country's income disparity from the mean is not corrected back to the long-run value of income, and not convergence can be identified. By contrast, when , income disparities tend to revert to long-run equilibrium. Since the coefficient is country-specific, cross-country heterogeneity is allowed in this model. Equation (1) is used to run a panel unit root test. In agreement with the existing research, the convergence rate is calculated as (Kutan and Yigit, 2004 ).
NOMINAL AND REAL CONVERGENCE

Data and Description
Following Koèenda (2001), Kutan and Yigit (2004) , and Brada, Kutan and Zhou (2005), we use relevant macroeconomic data to estimate nominal and real convergence of the BRICS economies. The percentage change in industrial production at time t over previous year measures real economic growth, correlation between GDP and industrial production is 0.94, 0.89, 0.54, 0.91, 0.83 for Brazil, China, India, Russia and South Africa respectively, so the growth of industrial production is a good proxy for real economic growth. The rate of growth of money supply and nominal interest spread3are considered direct measures of monetary mitigates the impact of more distant data while examining the time-varying rate of convergence of the series over the entire sample period, the observed differences in the convergence rate across countries and its time-varying characteristics. Moreover, it provides a natural and appealing methodological framework for comparing different behaviors across countries and over time. In addition, since the entire sample was divided into multiple sub-intervals, the rolling method can alleviate the sensitivity of the unit root test to outliers. Furthermore, the rolling method provides researchers with a wealth of information when the series are tested for the presence of a structural change.
policy. Additional tests for nominal convergence using the rate of growth of consumer price index (CPI) and producer price index (PPI).
The data comes from EIU Country-Data and spans from 2003 January to 2016 June. The descriptive statistics for origin data and demeaning ones are presented in the Table 1 . 
Real and Nominal convergence Tests
We begin examining whether the macroeconomic variables feature a unit root or follow a stationary process. For comparison, several unit root tests, LLC, IPS, ADF-Fisher and PP-Fisher, are employed to examine the null of a unit root in real and nominal data (see Table 2 panel A). The following key findings stand out.
First, the growth rate of industrial production is diagnosed stationary which provide evidence of real convergence, irrespectively of the test used. Second, PPI and nominal spread are stationary at the 5% significance level thus supporting the hypothesis of nominal convergence. Third, the results for the rate of growth of CPI and M2 are mixed, homogeneous panel unit root test shows there are unit root for these series, nevertheless, assumption of cross-country heterogeneity signifies that the heterogeneous panel unit root test should be relied upon. Overall, there is a strong support for real and nominal economic convergence of BRICS. Notes:*, * *, * * *, denote 10%, 5% and 1% significance levels. P-value in parentheses.
Admittedly, constant-window unit root tests might bias the results if the rate of convergence varies over time. To this end, we implement rolling unit root tests to investigate the time variation of the rate of convergence.
Time-Varying Rate of Convergence
Rolling-window ADF regression allowing for a heterogeneous convergence speed, as shown in Figures 1 (Panels A -E) . 
FIGURE1. TIME-VARYING RATE OF CONVERGENCE
Panel A shows that the convergence speed of the industrial production growth rate is always greater than 0.1. Therefore, there is strong evidence supporting the hypothesis of real convergence. It should be noted that the rollingwindow regression can conveniently capture abrupt upswings and downswings on the rate of convergence that are driven by the rapidly changing global economic and financial landscape and joint efforts to boost international trade flows among the BRICS economies. Before the rolling window entered in 2008, the convergence rate remained constant around at 0.2-0.3 and even tended to decrease. However, in the global financial crisis that occurred in 2008 eventually exacerbated economic and financial vulnerabilities of the BRICS economies. The convergence rate responded to the ensuing worldwide recession by abruptly increasing since the rolling window entered in 2008-2011. On one hand, China's real growth rate has been surprisingly high since 1990. However, China cannot deviate forever from the global experience, and the per capita growth rate fall soon from around 10% per year to a range of 6-7% since 2011. On the other hand, after the global financial crisis, the BRICS countries became a major source of global demand for goods, services and financial assets. As a result, the BRICS economies played an important role of stabilizing the world economy. To further boost international trade, measures of trade protection have been introduced and trade agreements were put forward. Indeed, policy makers and politicians realized that stronger cooperation among the five countries improves their economic resilience. Panel B and C show the rate of convergence for the price indices (CPI and PPI). Before 2011, the convergence rate of CPI was generally below 0.1. Since rolling window entered in 2008-2011, the rate of convergence accelerated, particularly for China and South Africa. For PPI, the convergence rate remained around 0.1 without showing any clear trend during the sample period. Romer (1993) examines the relation between inflation and trade openness for 114 countries from 1973 to 1988, and finds that there is a negative relation between inflation and openness. The negative relation between openness and inflation is endorsed by Temple (2002) . The BRICS countries adopted export-oriented development strategy gradually Lead to a stable price level, which probably caused an increase in the convergence rate of CPI.
Panel D and E shows the rolling convergence rate of M2 growth and nominal interest spread. Before the rolling window began falling in 2009-2012, the convergence rate of the five countries remained relatively low (below 0.1), with no tendency to converge. But then, the crisis period, the convergence coefficients started to increase. Developing countries in post-crisis era cope with the impact of the economic downturn and the Fed's quantitative easing policy, so they must adopt a loose monetary policy, namely expand the currency and lower interest rates, resulting in by the convergence trend of money growth and nominal spread.
There is an exception for the trend of nominal convergence, which is Brazil. The convergence coefficient of nominal spread for Brazil remained around zero and has a downward trend recently, which implies a divergence of the monetary policy to the rest four countries. The fundamental reason is that Brazil's high inflation rate in recent years. World Cup in 2014and the 2016 Olympic Games has greatly enhanced the level of domestic demand in Brazil, while as an important energy exporter, the domestic industrial system is not perfect, which easily lead to inflation. In addition, the Latin American region experienced dry weather in the past two years, the domestic crop production declined dramatically, and leading to rising food prices, which further push up inflation. Thus when the global inflation become even moderate, Brazil's continuous high inflation will naturally deviate from the other four countries. On the other hand, all developing countries in postcrisis era suffered the impulse of the Fed quantitative easing policy to maintain relative low interest rates, while the Brazil's central bank raise interest rates with higher frequency and larger magnitude to curb inflation, no doubt that Brazil's nominal interest rate is difficult to close with the other four countries Table 3 lists the average rate of economic convergence for the five countries. Evidence of convergence is unambiguously strongest for industrial production than for the other macroeconomic variables. While the BRICS economies have experienced real convergence, financial and monetary integration of the BRICS countries are clearly lagging behind. The lack of financial and monetary integration suggests that a fully-fledged currency union, such as the Euro zone, may not be attained. In fact, the theory of optimal currency area (OCA) (Mundell, 1961) dictates that to qualify to an optimal currency area, countries need to meet at least one of the following two criteria. First, countries must be exposed to similar shocks so that monetary policy measures are equally effective for all members of the optimal currency area. Second, production factors must have high degree of mobility. The BRICS economies do not seem to satisfy these two conditions.
Robustness Test
First, both the results for monthly data are robust for the quarterly data (see Table 2 panel B) .
Second, as a robustness check, this study also uses the rolling window of 60 months (5 years). The results (not reported but available from the authors upon request) remain qualitatively similar.
Third, from the viewpoint of methodology, convergence research has proceeded along several approaches4. In the growth and convergence literature the panel regression approach has been the most popular, we continued to test the convergence of real growth between BRICS measured as yearly GDP per-capita. The panel data regression model can be described as: (5) The dependent variable is the growth rate of real per capita GDP. The righthand side variables include the one-year lag of the log of real per capita GDP but also a broad array of conditioning variables that help to predict economic growth. In this regression framework, , the coefficient of the lag of the log of real per capita GDP, with a significant negative value denotes presence of convergence. The selection of conditioning variables mainly following Barro (2016) , the conditioning variables in our specification are ratios of investment and government consumption to GDP, the openness ratio (exports plus imports relative to GDP), the debt ratio(net debt relative to GDP), terms-of-trade and the inflation rate.The annual data for GDP can applies over a much longer period, but many fewer X variables are available over the long term, so we apply the data set from 2003 to 2016. The estimation uses both pooling ordinary least squares, country fixed effects and random effects, which listed in TABLE 4. Due to the contemporaneous relation between the cross-sectional panel data, we adopt the SUR method when using pooling ordinary least squares and country fixed effects. The main results, especially for the conditional-convergence coefficient (coefficient of one period lagged per capita GDP) and its significance level are robust to estimate method. Since the estimated convergence coefficient is significantly negative in all the specification, we can therefore to ascertain the conditional convergence of GDP per capita. Notes:*, * *, * * *, denote 10%, 5% and 1% significance levels. Stand errors in parentheses.
UNDERSTANDING THE MECHANISM OF REAL CONVERGENCE
To increase our understanding of real economic convergence, we also investigate its determinants. According to the neoclassical growth theory, economic growth is the result of capital accumulation and technology progression.
Convergence Mechanism
The neoclassical paradigm of convergence depends on diminishing returns to capital accumulation and diminishing opportunities of technological diffusion. According to the size of constant return to scale Cobb-Douglas production function, output per worker is driven by the stock of capital and TFP as proceeds:
The GDP per worker is considered an indicator of the real economy. Then, real convergence can be factorized into TFP and capital per worker.
Capital convergence is the result of diminishing marginal returns of capital in the neoclassical growth model. Under such circumstance, the growth rate of output lower than the growth rate of capital, which reduces savings and investment, and ultimately leads to slower economic growth.
TFP growth rate is the output growth exceeded growth factor inputs section, often seen as indicators of scientific and technological progress. In fact, TFP sources include technological advances and improving of production efficiency. So convergence of TFP is typically caused by technology spillover and convergence of production efficiency. Developing countries imitate and absorb high technologies thus reducing development costs and risks involved. Consequently, it is not surprising that these countries feature a relatively high growth rate. In general, such economies are heavily exposed to the agricultural sector. When the factors of production switch to the industrial and services sectors, average productivity will rise, thereby promoting economic growth. These countries have abundant labor force, which will migrate to more developed regions and countries to benefit from higher labor productivity and thus higher pay. This will boost productivity in the developing world. Therefore, labor productivity is expected to converge.
For accuracy, following Coelli (1996) 
and refer to distance functions in relation to the technology in periods and , respectively. Following Fare et al. (1994) , Equation (4) can also be decomposed into the product of the change in relative efficiency (efficiency change) and the shift in technology between two periods evaluated at and (technical change). The summary of decomposition results both for each country and year are shown in Table 56 . The results in Table5 show that the efficiency change and technological progress varies across country and time, so it is instinctively that we focus on impact of technological advances.
Convergence test
The convergence of the growth rate of capital per worker , the growth rate of TFP and further on the pure growth of technology progress and efficiency change obtained from 4.1 can be determined by performing the panel unit root test using the yearly data during 2003 to 2016.Results are illustrated in Table 6 . The test found that and Tech-ch are stationary at the 5% significance level while and Eff-ch are mixed. The result shows the convergence of technology progression play relative more important role than capital accumulation in leading to convergence of economic growth.
CONCLUSIONS
The recent sovereign debt crisis in the euro area provides a stylized illustration that if economic policies diverge within a group of countries, however closely located to each other; we should not reasonably expect these countries to become more integrated. Conversely, if economic policy shows evidence of convergence in the BRICS economies, we would expect these countries to become integrated at an increasing pace. We use both frequencies of data to test the validity of real and monetary convergence by applying the panel unit root test. During the period of 2003-2016, BRICS countries increased the speed at which they connected to each other as a result of increasing financial and trade cooperation. A more indepth look into the convergence mechanism suggests that the capital per capita and TFP are the main determinants of economic growth. The combined use of the panel regression test approach allows us to reach clear conclusions regarding the convergence of individual output per capita.
Importantly, our study implies that the BRICS economies are likely to gradually evolve into a free trade area. Economic convergence is indicative of the five countries' cooperation and is prerequisite for monetary policy coordination. However, stories of BRICS countries have been dominated by China. Brazil and the Russian economy is substantially dependent on the supply of commodities and manufactured goods to China. Since 2010, Chinese credit to GDP ratio is bubblelike rising, leading to a hard landing in the real estate industry and stock market bubble burst which is the major downside risk for world economic growth. Once China's potential GDP growth rate declined, in the context of the growing convergence of nominal and the real economy, the BRICS countries as a whole will undoubtedly cyclical contraction, which showed as the poor performance of BRICS economic growth in last two years. Of course, each of the remaining four countries also suffered a different impact, such as Russia's oil embargo, and due to host the 2014 World Cup and 2016 Olympic Games, Brazil is facing a huge demand shock directly cause its high inflation. Even now in trouble, China is vigorously promoting structural reforms and there is adequate internal capital to support its investment growth, BRICS countries through its spillover effects can maintain a high growth rate in the future. According to the IMF forecast, in the rest of this decade, the BRICS countries are expected to contribute half of global growth, which will become an important engine of world economic recovery.
